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Half-Life of Sulfur-35

Abstract. A new determination has been
made of the hali-life of the beta emitter
sulfur-35. Approximately 400 measure-
ments were taken over a period of a year
and a half, These data were corrected for
the dead time of the counter and then
treated statistically. The half-life was
found to be 86.35 + 0.17 days.

One of the most commonly used ra-
dioisotopes in chemical and biological
tracer experiments is 5% For accurate
work, it is necessary to make a correction
for the decay of the isotope; this requires
a precise knowledge of the decay rate.
The uncertainty associated with the pres-
ently accepted half-life of 53 limits the
accuracy of certain types of experiments.
Accordingly, we undertook to determine
a more precise value for the half-life.

The decay rate A is defined by the
equation ’

InN-InNo=— At (1)

where N, is the initial count rate and N
is the count rate at time f. It is clear
from this equation that if only one radio-
isotope is present, In N will be a lincar
function of time. Thus, radicactive con-
tamination of a radioisotope can be de-
tected by a nonlinearity in this rela-
tionship. A secondary objective of our
experiment was to determine whether
such contamination was present.

The 5% sample was in the form of
Ca$3%0, deposited on a copper planchet.
A thin layer of clear Krylon was placed
over the source to prevent the loss of
radioactive material,

The planchet containing the source
was placed in one of the wells of a
shielded, gas flow counter. A C'* source
consisting of a thin plastic film mounted
in a planchet was placed in the second
well, and the third well was used for
background measurements. The G'* was
used as a constant source to check the
efficiency of the counter and insure that
it did not change over the period of the
experiment. These sources were not
touched during the entire experiment,
so that each geometry remained the
same. The well counter protected the
sources from dust which might have ab-
sorbed part of the beta radiation, and a
visual inspection before and after the
experiment indicated that the appear-
ance of the sources had not changed.

Counts were taken at a standard time
each day for periods of 10 minutes each
on the three wells of the flow counter.
Four hundred and one sets of measure-

ments were made over a period of 500
days. During this time the mean hack-
ground rate was 24 count/min (range,
21 to 27 count/min), and the C!
readings were constant within 1 percent.
The initial counting rate of the 535 was
approximately 1300 times the back-

. ground rate; by the end of the experi-

ment about 1Y% years later, the countifig
rate had decreased to about 30 times
background.

Because the counting rate was fairly
high, a correction had to be made for
the counts lost during the dead time of
the counter. A measurement of the reso-
lution was made by the standard method
of splitting a planchet into two pieces
and placing a drop containing the 5%
compound on each. The counting rate
was then measured for each drop sepa-
rately and for the two together. The
dead time is given by

_ 2{Rx+ 1’!2-‘“1’13)
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where n, and n, are the counts due to
the separate drops and n; is the count
when both drops are measured together.
The dead time found for the flow
counter used in this experiment was
149.1 psec, which agrees well with the
manufacturer’s specifications.

Because the variation in the €4
counts was small, no correction was
made for detector efficiency. The back-
ground count measured each day was
subtracted from the S35 count, and the
difference was taken as the measured
count for that day. In order to obtain
the actual count, a correction was made
for the counts lost because of the finite
dead time of the counter. The measured
count can be written as

n=N-aNz

where N is the actual count and vt is the
dead time of the counter (Eq. 2}. Since
n and T were known, a value for the
actual count, N, was found for each
measurement,

N=n/{1-n1) (3

During the early part of the experiment
when the counting rate was high, the
correction for dead time was about 9
percent. This fell off to only a fraction
of a percent correction at the end.
The natural logarithm of N varies
linearly with the number of days. In
order to find the best-fitting straight line,
a regression coefficient of In N upon the
time { was calculated. The regression
formula can be written (I) i

K57-/3

Lo N=TaN+b(¢~¢) (4]

where Ln N is the predicted value of
In N; ¢ is the time in days from the start-
ing point; T is the mean of t,, ¢, . . .

toor; In N is the mean of In Ny, In N,
... In Nyy,; and b is the regression co-
efficient, which for this case is

pe EtlnN-401tin N
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By applying this equation to the data, a
value was found for b. By comparing
Eq. 4 with Eq. 1, it is seen that the re-
gression coefficient b is the negative of
the decay constant, A, Thus the hall-life
can be found by substituting — b in the
well known equation

tin= (In 2) /4 (6)

The regression is the line which on an
average gives the minimum standard
error. To determine the degree of line-
arity of the relationship between time
and In N, it is necessary to calculate the
correlation coefficient. This is defined as
the square root of the ratio of the sum
of squares due to regression over the
total sum of squares. If this coefficient is
1 or — 1, the total variation is then due
to the regression and the relationship
between the variables is perfectly linear.
Any contamination of the S3% source by
other radicactive material would be in-
dicated by a deviation of the correlation
coefficient from an absolute value of 1.

In order to estimate the limits of error
of the half-life, the standard error of the
slope of the regression line was calcu-
lated. By adding this standard error to,
or subtracting it from, the slope, its ef-
fect on the hall-life was determined.

The presently accepted half-life of 53%
is 87.1 £ 1.2 days. This value was found
by Hendricks et al. (2) by least-square
fit of 189 peints. The correlation coeffi-
cient of the best-fit curve for this work
was 0.969 and the standard deviation of
the count data from the curve was 6 per-
cent. A very weak source was used, re-
sulting in a maximum count which was
only 3.1 count/sec above background and
a minimum of only 0.7 count/sec above
background. Earlier work by Levi (3)
indicated a value for this hali-life of
88 5 days. This value, however, is based
on less than 40 points taken over a pe-
riod of 500 days.

The value for the half-life of 535 de-

- termined in the present experiment is

86.35+0.17 days. The correlation co-
efficient was found to be —.9993. This
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value, being very close to — 1, indicates
a high degree of linearity and disposes
of any possibility that the source con-
tained radioactive material other than
535, The half-life measured here was
nearly 0.8 day less than that found by
earlier investigators but was still within
their calculated error. The uncertainty
in this measurement is considerably

2

smaller than that of Hendricks et al.
both because of the higher counting rate
used and because of the fact that morc
than twice as many points were taken.
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